Introduction
Crowd is defined as "a large group of individuals in the same physical environment, sharing a common goal" (Musse et al. (1997) . Developing countries are more vulnerable to stampedes during mass gathering events, with higher fatality rate than rest of the world [2] . Systems and standards of construction in developing countries are ineffective in practice. Prassana Kumar et al. (2015) stated that on an average more than 70 people per year lost their lives due to stampedes in India. Indian states of Maharashtra and Andhra Pradesh are in top the list of more than 300 deaths in the 15 years . According to the motion of crowd, crowd scenes can be divided into two categories: structured, and unstructured. In structured crowded scenes, the crowd moves systematically in common direction, and the flow path does not vary frequently. Whereas, unstructured crowded scenes, people move in different or random directions at different times. Crowd analysis is classified into three types: crowd detection or density estimation models, tracking in crowded scenes, and crowd behaviour understanding models. There are several models to detect people in crowded scenarios which are done by computer vision techniques; these include pixel-based analysis, texture-based analysis, and object-level analysis. Pixel-based analysis is based on background subtraction or edge detection models to determine the density of the crowd. Texture based analysis mostly used to estimate people count rather than density and it requires the analysis of image patches. Object-level analysis tries to identify individual objects in a scene, but identifying individuals in a single image or a video sequence is mostly feasible in lower density crowds. Crowd tracking is consisting of identifying the position of the same person in a sequence of frames. The knowledge of individual trajectories in a crowd can be explored to identify main flows of a crowd, or to detect abnormal behaviours. Although there are several approaches for the generic problem of object tracking, clutter and severe partial (or even total) occlusions make individual person tracking a challenging problem in denser crowd. Mehran et al. (2009) proposed two approaches for crowd behaviour analysis, which are object-based approach and holistic-based approach. Object based approach considers a crowd as a collection of individuals. In this method the crowd behaviour is analysed through the detecting the individuals to analyse the group behaviours. In denser scenes it is very difficult to track the individual components in the crowd. This method is applicable to low or moderately crowded scenes. Crowd is treated as a single entity in holistic based approach. This approach tries to obtain information like main crowd flows. This approach ignores the information such as a person moving against the flow. This method is mostly applicable to dense crowded scenes.
Literature Review
For the density measurement, object detection technique is used where as for the speed, object tracking technique is used. Crowd behaviour models (object based approach) is used for behaviour analysis of each individual person in the crowd.
Crowd Detection
Davie et al. (1995) proposed an approach to estimate the crowd density by background subtraction removal technique and edge detection. Ma et al. (2004) developed a method based on the counting of foreground objects on each pixel to estimate the crowd density. Kong et al. (2006) presented a method to estimate the number of people in a crowd. Edge orientation and the histogram object areas are extracted from foreground objects through background subtraction algorithm. Marana et al. (1998) analysed four methods for texture analysis and three classifiers to estimate the crowd density. For texture analysis, they compared four methods (grey level dependence matrix, straight-line segments, fourier analysis and fractal dimension). Wu et al. (2006) proposed an approach to estimate the crowd density using texture analysis and support vector machines. Rahmalan et al. (2006) proposed a comparison of three techniques (gray level dependence matrix, the minkowsk fractal dimension, and translation invariant orthonormal chobyshev moments) in texture analysis to estimate the crowd density. 2013) identified risk factors from the study of past incidents. These risk factors lead to the development of a basic framework aligned on four interlinked compartments for inter-agency cooperation and multi-disciplinary contemplation. Risk factors ranging from hazard identification to the execution of mitigation measures for human stampede risk reduction. Gayathri et al. (2017) presented an exhaustive review of the current understanding of crowd dynamics and explores the modelling techniques that are available to enhance crowd safety. From the literature review, many researchers have focussed on crowd density estimation, crowd tracking, and crowd behaviour analysis based on holistic approach. Most of the studies are conducted in indoor conditions and the limited studies carried out in outdoor conditions. There is a need to conduct research on object-based approach in outdoor condition. The present study aims to analyse the effect of gender, age group, group size, child carrying, child holding and people with and without luggage on crowd behaviour. In the present study, flow and density are estimated by pixel-based analysis and speed by using tracker software. The next section describes the methodology and study area details, and in the subsequent section results are discussed.
Study Area
In this study, locations are selected to observe different flow patterns of the crowd. The behaviour of each person in a crowd is affected by their surrounding person movement. Location-1 is a three-legged intersection which is located near temple entrance. The crowd movement is diversified at this location because of crowd merging from three directions to temple entrance. Location 2 is a mid-block section located between temple and bus stand. The crowd movement is directional but not proper planned manner at this location because of roadside vendors and shops. Two crowded locations during sammakka-saralamma festival in Medaram, Warangal city, Telangana were selected for the study. This event was held during 17 th to 20 th February 2016. Sammakka-Sarakka festival is a Hindu largest tribal congregation in the world and second largest in India after Kumbha Mela (120 million people in approximately 30 days).
This festival is held every two years with approximately ten million people converging on the place over a period of four days. The data is collected using video graphic survey. Video graphic data had been collected for four hours under normal weather condition. Video extraction was done for 9000 frames, and 2200 samples were collected from both the locations. Gender (Male and Female), age group (Child, Young, Middle and Elder), group size (2 and 3+ more), child holding (CH), child carrying (CC) and people with and without luggage affect the speed of the crowd. The number of samples collected for the group size is 200, whereas for the gender, age, people with and without luggage is 1600. Also, the number of samples obtained for the child carrying and child holding is 400. Various parameters extracted from the video include people count, density, speed of the individual persons, tracking of individual persons and flow.
Methodology
The methodology includes suitable site selection for the field survey, collection, and extraction of field data, density estimation, and identification of factors affecting the crowd behaviour, speed and flow estimation, thereby analysing the effect of crowd behaviour. The collected video is played in the lab and the details of data extraction are presented in detail in the subsequent sections. The data analysis is followed by statistical testing, regression modelling and validation. 
Crowd Density Estimation
For estimation of the crowd density, background subtraction technique was used. Background subtraction approach is broadly used for detecting moving objects in videos from still cameras. The moving objects detected based on difference between the current frame and reference frame (background image). First video is imported to MATLAB for frame extraction. Then current frame is converted from RGB to gray, and the images are compared to find the difference. Later the image is converted into binary and blobs in the image are opened. BLOB stand for Binary Large Objects and it is used to represent a group of pixels having similar values for intensity but different from the ones surrounding it. The number of blobs in the image is the people count. The ratio of the crowd count to the area gives the crowd density. Fig. 2 shows the flow diagram for estimating the density of crowd. Fig. 3 shows the original, and background subtracted images to estimate the density. 
Crowd Tracking
In crowd analysis, another task is tracking the people, which include identifying the position of the same person in a sequence of frames. Fig. 4 shows the image tracking the persons in the frame at L1. For analysis, tracker software is used where the persons are tracked manually as well as automatically to find the position, velocity, and acceleration.
Fig. 4 Images representing the sample tracking of persons in the frame
For the extraction of speed, the video is imported into the tracker software, where the tracker automatically converts video into frames. After converting into frames, the coordinate axis needs to be fixed and the point mass is to be created. Subsequently, when persons in the crowd are selected manually, the coordinates, speed of the selected person are observed automatically. The pixel coordinates obtained from the video cannot represent person movements in real-world situations because of the camera angle was not perpendicular to the ground. Hence conversion of pixel coordinates to real-world coordinates was required for getting the real world trajectories of individuals. A direct linear conversion algorithm was applied based on Wolf and Dewitt (2000) to minimize the effect of swaying and height difference. The lower left corner of the video image selected as the coordinate origin, the relevant conversion formulas are as follows (Eqs.
(1) and (2)):
Where (u, v) are the pixel coordinate, (x, y) are the real world coordinate and L 1 -L 8 are transformation coefficients. Eight real world reference points are selected and measured in the experiment sites along with the corresponding pixel coordinates. Four points pairs are used to compute the conversion coefficients and the remaining four are used to check the errors. The following section describes the results and discussions.
Results
The average crowd density, speed, and flow for both the locations are tabulated in Table 1 . The average crowd density at L1 and L2 observed as 1.73 and 1.58 P/m 2 respectively. It is observed L2 has less density compared to L1. 
Tab. 1 Crowd flow parameters for two locations

Density Classification
In this study, for the density classification, pedestrian LOS from HCM (2010) was used. In the HCM, average speed, space, flows are mentioned for each LOS. The density and number of people are not indicated. The density is estimated using traffic stream equation (Q = KV) for the classification. The number of people in each frame was determined by multiplying the area and density. The density and number of persons are calculated by using Pedestrian LOS The comparison was done for the density values obtained from the present study with the previous studies and is tabulated in Table 3 and 4. There are minor variations in the classification with respect to density in the present study and this has been adopted for further analysis. The average density observed at L1 is 1.73 P/m2 which fall into level of service F. Level of service F, the speed is given as ≤ 0.76 and observed speed is 0.703 m/sec. The flow for the level of service F is given as greater than 80 P/min/m, but the observed flow is 73 P/min/m. The lesser flow values can be attributed to the fact that factors like age, gender, group size, CC, CH, people with luggage and without luggage affect the movement of people in the crowd. Further analysis was carried out at L1 to explore the effect of above mentioned factors on speed. Fig. 5 and Fig. 6 represents the comparison of crowd speed for two locations with respect to gender, age, group size, CC, CH, people with luggage and without luggage. 
Speed Comparison
(Male (M). Female (F). Child (C), Young (Y). Middle age (M). Elder (E). Child Carrying (CC). Child Holding (CH). Group (G). Two members (2). Three + more (3+))
The average speed of younger male pedestrian without luggage was high as compared to other pedestrians. The average speed of the CH and CC of the male pedestrian was high compared to a female pedestrian. The speed of three or more persons in a group was low compared to single and paired persons, this is due to the reason that people move by guiding two persons at two ends.
Fundamental Diagrams of Crowd Flow
From the Fig. 7 (a) , speed of the crowd was low at L1 compared to L2, because density was high at L1. From Fig. 7 (b) and 7 (c), maximum flows for L1 and L2 was observed to be 135 p/min/m and 102 p/min/m.
Fig. 7 Speed, Density and Flow relationships for the two locations
Statistical Tests
For statistical analysis, ANOVA and Pearson correlation tests were performed using SPSS and variables considered for analyses were gender, age group, group size, CH, CC and person with luggage and without luggage factors. Gender was divided into two categories, and the values were assumed as 0 for male pedestrian and 1 for female pedestrian. Age was divided into four categories, and the values were considered as 0 for the child, 1 for younger, 2 for middle age, and 3 for older.
The values assumed as 0 for people without luggage and 1 for people with luggage. CH was divided into two categories, and the values were considered as 0 for not holding children and 1 for holding children. CC was divided into two categories, and the values were assumed as 0 for not carrying children and 1 for carrying children. Group size was divided into three categories, 0 for single, 1 for pair and 2 for more than three persons. All tests are performed at 95% confidence level. From Tables 5 and 6 , it can be said that person gender, age, group size and luggage factors have a significant effect on pedestrian walking speed. From Table 5 the F value is greater than the For density, there was a significant effect on speed atL1as the p value was found to be < 0.05. Person gender had the significant effect on the speed of the crowd. The male person speed was 1.23 times more compared to female pedestrian speed. It was observed that younger pedestrians have the fastest speed compared to others. Person without luggage was 1.2 times more speed compared to with luggage.
Multiple Linear Regression Analysis
The general form of the linear regression model suggested is
Where B = crowd speed, X1= gender, X2 = age, X3 = luggage, X 4 = Density, A = Parameter, ε = constant.
For the location under current study, a regression analysis is applied to the crowd movement at L1 as tabulated in Table 6 . As negative values of β are obtained which will significantly decrease the speed with every increase of the following parameters i.e. children, female, persons with luggage, and density.
Pedestrian gender has more effect on speed of the crowd compared to others because the coefficient of gender is more compared to other factors. Fig. 8 represents the scattered plots of expected and observed speed for L2. 
Conclusions
The present study focuses on the individual behaviour of the person in the crowd and the inter-relationship between crowd flow parameters, which can be explained quantitatively using macroscopic flow diagrams. Crowd density was estimated using foreground detection method. It was observed that the average crowd density for location-1 was very high as 1.73 p/m 2 , whereas for Location-2 it was low as 1.58 p/m 2 . Based on observations, the estimated crowd density falls in the range > 1.64p/m 2 , high-density category. Based on the tracking, it was observed that the average speed of the crowd at location 1 and 2 were found to be 0.803 m/s and 0.931 m/s respectively. Diversified directional behaviour exists at location L1 whereas directional behaviour is observed in location L2. From the traditional q-k-v equation, the average flow for location 1 and 2 was found to be 84.7 p/min/m and 68.5 p/min/m. The walking speed of the male pedestrian was observed to be more than female pedestrian. Also, walking speed of the younger pedestrians was found to be more than other age groups. The walking speed of people carrying luggage is less compared to people without luggage. From statistical tests, it was concluded that gender, age and luggage factors affecting the pedestrian walking behaviour were found to be significant. MLR model was developed for the modelling of crowd speed using factors considered. The developed model is validated using location 2 data. From the results, it was observed that gender factor had more significant effect on crowd speed when compared to other factors. It was observed that there is a reduction in the speed as the proportion of the female pedestrian increases. Crowd stampedes occur when huge number of people move in a small areas. Crowd speed is low when density is more which leads to congestion leading to unforeseen standstill and panic situation. This behaviour study is applicable in crowd management to avoid crowd disasters and assure public safety and to provide guidelines for the design of public spaces. Crowd simulations are used to replicate the existing ground conditions and thereby create virtual environments for efficient planning and management of crowd evacuation under unforeseen situations. This study helps in proper dispersal of crowd in a planned manner to that of diversified directional flow that exist during crowd gathering events. 
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